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ABSTRACT : 

PROBLEM TO BE SOLVED: To form an electroless Ni plating 
film, as an Ni 

electrode layer, having uniform thickness and superior 
reproducibility on the 

surface of electrodes for input-output terminals different 
from each other in 

the potential to a substitution treatment solution. 

SOLUTION: Etching treatment is applied to the surface of 
electrodes for 

input-output terminals for electronic circuit elements. 
Then Ni substitution 

treatment is performed to form Ni substituted film on the 
surface of the 

electrodes for input -output terminals . Subsequently, 
electroless Ni plating 

film is deposited onto the surface of the electrodes for 
input -output terminals 

in an electroless Ni plating bath, in a state where a dummy 
metal sheet is 

immersed at least in the initial stage of the beginning of 
reaction. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation method of nickel 
electrode layer which has the feature in the composition of the solution for forming in uniform thickness 
nickel electrode layer especially operated as a pewter wettability improvement layer or a barrier layer on 
electrodes for input/output terminals, such as aluminum pad electrode, about the formation method of 
nickel electrode layer, and use of a dummy metal plate. 
[0002] 

[Description of the Prior Art] As the electrode for input/output terminals prepared in the semiconductor 
device, i.e., a pad electrode, in case bare chip mounting of the semiconductor device is carried out 
conventionally at the circuit board etc., aluminum is usually used. However, since the wettability of 
aluminum of a pewter is bad, it is difficult to join a semiconductor device to the direct circuit board etc. 
electrically by soldering, while aluminum pad electrode has been unreserved. Then, pewter wettability is 
good on aluminum pad electrode, for example, usually conductor layers, such as Au, are formed. 
[0003] However, in using the usual pewter (Sn-37% Pb), at the time of heating for soldering, in a 
pewter, penetration and when the worst, Au film of Au is lost, and when a pewter contacts aluminum 
bump electrode and directly, as a result, it has a problem of soldering becoming impossible. 
[0004] Then, in order to solve such a problem, barrier layers, such as nickel, are prepared as a barrier 
layer for checking and preventing both reaction between aluminum bump electrode and Au film, or 
carrying out the laminating of the nickel soldering layer with non-electrolyzed nickel plating further on 
nickel barrier layer is proposed. 

[0005] Here, the conventional non-electrolyzed nickel plating is explained with reference to drawing.! . 
Drawing 3 reference dra\vin§.3. is the process flow view of the conventional non-electrolyzed nickel 
plating, first carries out surface washing of the front face of aluminum pad electrode which exposed the 
front face of a semiconductor device in opening of a wrap protection insulator layer using an acetone or 
ethanol, and, subsequently removes the surface natural oxidation film and surface pollution film of 
aluminum pad electrode using a sulfuric acid or a nitric acid. 

[0006] Subsequently, after forming a substitution film with aluminum of Zn (zinc) of about 100A of 
thickness numbers, or Pd (palladium) in the exposure front face of aluminum pad electrode using a zinc 
immersion process (the zincate method) or a palladium substitution method, the formation process of 
nickel electrode layer is completed by forming nickel soldering layer which consists of a P content 
nickel film or a B content nickel film on a substitution film by non-electrolyzed nickel plating. 
[0007] However, the substitution solution used in the formation process of such a substitution film has 
many which are replaced while dissolving aluminum, and since pH is used in a 12 or more-about strong- 
base nature field, problems, such as giving a damage to the resist used for aluminum pad electrode or 
patterning, produce it. 

[0008] Moreover, thickness, i.e., height, forms the core bump who is dozens of micrometers on the 
electrode of a semiconductor device as a candidate of the leading junction method in mounting of a 
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future semiconductor device, and the method of joining this core bump to the electrode on the circuit 
board with a pewter, an electroconductive glue, or anisotropy electric conduction adhesives is examined. 

[0009] non-electrolyzed nickel plating observes as technology which produces such a core bump by the 
low cost — having --**** this core bump's formation — facing » the number of thickness — although 
patterning will be carried out using a 10-micrometer resist or a dry film, since an alkali solution is easy 
to be invaded in the present condition, the material of such a resist or a dry film is difficult for applying 
the conventional radio solution nickel plating used in a strong-base nature field as it is 
[0010] Then, since forming a bump electrode by performing non-electrolyzed nickel plating in a low 
alkaline field is proposed (refer to JP,10-256258,A if required), this conventional improvement radio 
solution nickel plating is explained with reference to drawing 4 . 

The drawing 4 (a) reference semiconductor device 21 is covered by the protective coat 23, and is having 
opening 24 formed in the portion of the aluminum electrode 22 which is an external electrode. First, H3 
P04 Pure water washes, after removing the natural oxidation film (illustration is omitted) formed in the 
front face of the aluminum electrode 22 of the wet etching immersed into the solution of NaOH. 
[001 1] Drawing 4 (b) Subsequently to 80 degrees C, nickel particle film 25 is formed in the exposure 
front face of the aluminum electrode 22 3 ** by being immersed for 20 seconds into the alkaline 
solution in which held pH contains nickel of 9-10. In addition, since the portion to which nickel 
substitution reaction progresses, and the portion which does not progress exist, nickel particle film 25 in 
this case will be in the state where nickel particle was dispersed. 

[0012] Drawing 4 (c) Subsequently to 80 degrees C, nickel particle film 26 is again formed in the 
exposure front face of the aluminum electrode 22 3 ** by being immersed for 20 seconds into the 
alkaline solution in which held pH contains nickel of 9-10. In addition, nickel particle film 26 in this 
case will be in the state where nickel particle deposited in the gap of nickel particle film 25. 
[0013] Drawing 4 (d) 3 **, subsequently, after pure water washes, thickness forms the nickel film 27 
which is 1.0-2.0 micrometers on the aluminum electrode 22 by being immersed for 2 - 5 minutes into 
non-electrolyzed nickel plating liquid held at 90 degrees C. In this case, nickel particle film 26 acts as a 
catalyst, on nickel particle film 26, nickel carries out a self-deposit and the nickel film 27 is formed. 
[0014] Drawing 4 (e) 3 **, subsequently to 90 degrees C, by being immersed for 40 minutes into held 
non-electrolyzed Au plating liquid, the Au film 28 whose thickness is 0.2 micrometers is deposited on 
the nickel film 27, and, subsequently the formation process of a bump electrode is completed by 
washing with pure water. 

[0015] However, in this proposal, although nickel substitution reaction is performed using the weak 
solution with pH more nearly alkaline than the former of 9-10, there is no concrete indication about 
composition of nickel substitution solution, and it is difficult to carry out immediately and is not 
indicated at all about concrete composition of non-electrolyzed nickel plating liquid, and its alkalinity 
(pH). 

[0016] this invention person etc. wholeheartedly as a result of research as nickel displacing solution and 
non-electrolyzed nickel plating liquid The nickel sulfate (NiS04 and 6H2 O) used as the source of 
nickel, the glycine as a complexing agent (H2 NCH2 COOH), And by using the mixed solution which 
consists of sodium hypophosphite (NaH2 P02 and H2 O) as a reducing agent pH found out that non- 
electrolyzed nickel plating film which follows nickel substitution film row could be formed in aluminum 
electrode front face also in the conditions which are about eight (46 if required surface technology, 10, 
p. 946, 1995 references). [ Vol. No. ] 

[0017] By using the mixed solution of such composition, it becomes possible to form non-electrolyzed 
nickel plating film of uniform thickness, and since it is low alkalinity, it does not have a bad influence 
on aluminum electrode or a resist. In addition, this experiment deposits nickel substitution film and non- 
electrolyzed nickel plating film on the solid electrode of aluminum which does not touch a 
semiconductor device electrically. 
[0018] 

[Problem(s) to be Solved by the Invention] However, as a result of trying membrane formation of non- 
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electrolyzed nickel plating film on aluminum pad electrode prepared in the actual semiconductor device 
using the above mixed solutions, it became clear that the serious problem that the membrane formation 
states of non-el ectroly zed nickel plating film differ by each aluminum pad inter-electrode occurs. 
[0019] That is, the problem that there are some aluminum pad electrodes which have the thin thickness 
of non-electrolyzed nickel plating film and which were prepared in the semiconductor device compared 
with other aluminum pad electrodes occurs. For example, although there is no problem in the case of the 
electrode for signals, in a grounding electrode (GND) or a power supply electrode, there is a problem 
that non-electrolyzed nickel plating film seldom deposits. 

[0020] Many things are conjectured to be because for the potential to nickel substitution processing 
liquid, i.e., electrode potential, to change with built-in potentials by the difference in the semiconductor 
region which each aluminum pad electrode connects [ each aluminum pad electrode prepared in the 
semiconductor device ] electrically about this cause as a result of examination. 
[0021] Therefore, this invention aims at the potential to substitution processing liquid forming non- 
electrolyzed nickel plating film of uniform thickness with sufficient repeatability in the front face of a 
mutually different electrode for input/output terminals. 
[0022] 

[Means for Solving the Problem] Here, with reference to drawing 1 , the The means for solving a 
technical problem in this invention is explained. In addition, drawing 1. is the flow view showing the 
theoretic composition of this invention. 

In the formation method of nickel electrode layer of the drawing 1 reference (1) this invention using an 
electroless deposition method for the front face of the electrode for input/output terminals of an 
electronic-circuitry element, and depositing non-electrolyzed nickel plating film After carrying out 
etching processing of the front face of the electrode for input/output terminals, nickel substitution 
processing is performed and nickel substitution film is formed in the front face of the electrode for 
input/output terminals, subsequently In non-electrolyzed nickel plating bath, it is characterized by 
depositing non-electrolyzed nickel plating film on the front face of the electrode for input/output 
terminals in the state where the dummy metal plate was immersed in early stages of the reaction start at 
least. 

[0023] After carrying out etching processing of the front face of the electrode for input/output terminals 
and removing a natural oxidation film, nickel substitution processing is performed and nickel 
substitution film is formed in the front face of the electrode for input/output terminals, thus, 
subsequently In the state where the dummy metal plate was immersed in early stages of the reaction start 
at least in non-electrolyzed nickel plating bath When the potentials to the substitution processing liquid 
of each electrode for input/output terminals differ mutually by depositing non-electrolyzed nickel plating 
film on the front face of the electrode for input/output terminals, non-electrolyzed nickel plating film of 
uniform thickness can be deposited. 

[0024] Especially, the hydrogen which generates a dummy metal plate, Cu mesh, or a stainless steel 
mesh by being immersed during non-electrolyzed nickel plating bath with the electroless deposition 
reaction in the front face of this dummy metal plate decreases the dissolved acid quantum under non- 
electrolyzed nickel plating bath, the electroless deposition reaction in the front face of the detailed 
electrode for input/output terminals is induced by it, and it is thought that it is for reactivity to increase. 
[0025] (2) Moreover, this invention is characterized by performing nickel substitution processing in 
nickel substitution processing liquid containing nickel ion and a glycine in the above (1). 
[0026] Thus, nickel particle can form nickel substitution film distributed uniformly in the front face of 
the electrode for input/output terminals on which electrode potentials differ by performing nickel 
substitution processing using nickel substitution processing liquid which contains nickel ion and a 
glycine except for sodium hypophosphite from conventional nickel substitution processing liquid. 
[0027] (3) Moreover, this invention is characterized by performing non-electrolyzed nickel plating 
processing in nickel ion, a glycine, and non-electrolyzed nickel plating bath containing sodium 
hypophosphite in the above (1). 

[0028] Thus, it becomes possible by performing non-electrolyzed nickel plating processing as usual in 
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nickel ion, a glycine, and the low radio solution nickel plating bath of the alkalinity containing sodium 
hypophosphite to carry out electroless deposition, without having a bad influence on the electrode for 
input/output terminals, or a resist. 
[0029] 

[Embodiments of the Invention] Here, with reference to drawing 2 , the manufacturing process of the 
gestalt of operation of the 1st of this invention is explained. 

Drawjng.2 (a) 3 **, first, while connecting with each field of a semiconductor device etc. through the 
ground insulator layer 1 1 on the semiconductor wafer in which the semiconductor device was formed, 
the Cu content aluminum pad electrode 12 used as the electrode for input/output terminals is formed. In 
addition, in drawing, although only one Cu content aluminum pad electrode 12 is shown, in fact, per 
semiconductor chip, the electrode for signals, the electrode for grounding, or the electrode for power 
supplies is formed [ dozens of ], as size of the Cu content aluminum pad electrode 12 in this case, it is 
lOOmicrometerxlOOmicrometer, for example, and thickness is 0.6-0.7 micrometers. 
[0030] In order to form non-electrolyzed nickel deposit in this Cu content aluminum pad electrode 12, 
opening 14 is formed in the protection insulator layer 13 of alternative etching processing. In addition, 
the thin natural oxidation film 15 is formed in the front face of the Cu content aluminum pad electrode 
12 in this stage. 

[003 1] Drawing 2 (b) 3 **, subsequently, after performing washing processing for 2 minutes in 25 
degrees C using an acetone or ethanol, the natural oxidation film 15 is removed by ****** ****i n g for 
30 seconds at 25 degrees C using the solution of fluoric acid. 

[0032] Drawing 2 (c) Subsequently it is pure water 3 **. Nickel sulfate (NiS04 and 6H2 O) 0.05M (a 
mol/liter) 

Glycine (H2 NCH2 COOH) 0.20M (a mol/liter) 

nickel substitution solution which ****** and becomes a total of 11. is formed, and it is NaOH or H2 
S04. It uses and pH is adjusted to 8.0. 

[0033] Thus, adjusted nickel substitution solution is warmed at 60 degrees C, in the state where it kept at 
60 degrees C, a semiconductor wafer is immersed for 300 seconds into nickel substitution solution, for 
example, and nickel substitution film 16 about lOOnm or less, for example, lOnm, is deposited on the 
exposure front face of the Cu content aluminum pad electrode 12. 

[0034] It was checked that nickel particle is uniformly distributed over the front face of the Cu content 
aluminum pad electrode 12 at this time, and nickel substitution film 16 is formed in the whole surface in 
it when the front face of the Cu content aluminum pad electrode 12 is observed with a scanning electron 
microscope. 

[0035] Drawing 2 (d) Subsequently it is pure water 3 **. Nickel sulfate (NiS04 and 6H2 O) 0.05M (a 
mol/liter) 

Glycine (H2 NCH2 COOH) 0. 1 5M (a mol/liter) 
Sodium hypophosphite (NaH2 P02 and H2 O) 
0.3 0M (a mol/liter) 

Non-electrolyzed nickel plating liquid which ****** and becomes a total of 11. is formed, and it is 
NaOH or H2 S04. It uses and pH is adjusted to 9 .0. 

[0036] Thus, adjusted non-electrolyzed nickel plating liquid is warmed at 60 degrees C, in the state 
where it kept at 60 degrees C, while making 30mmx30mm Cu mesh (#40) immersed as a dummy metal 
plate into non-electrolyzed nickel plating liquid, it is immersed for 30 minutes and a semiconductor 
wafer deposits non-electrolyzed nickel plating film 17 whose thickness is 5.0 micrometers on the front 
face of nickel substitution film 16. 

[0037] When the front face of the Cu content aluminum pad electrode 12 after plating was observed 
with the scanning electron microscope, the difference of the thickness of non-electrolyzed nickel plating 
film 17 formed in the front face of all the Cu content aluminum pad electrodes 12 is 10% or less at the 
maximum, and it has checked that almost uniform non-electrolyzed nickel plating film 17 was formed. 
[0038] In addition, although it was checked that non-electrolyzed nickel plating film 17 is formed in the 
front face of all the Cu content aluminum pad electrodes 12 as a result of performing non-electrolyzed 
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nickel plating in the state where Cu mesh is not immersed into non-electrolyzed nickel plating liquid for 
comparison Existence of the Cu content aluminum pad electrode 12 from which the thickness of non- 
electrolyzed nickel plating film 17 has become 1/2 or less compared with other non-electrolyzed nickel 
plating films 17 was checked. 

[0039] Therefore, thickness of non-electrolyzed nickel plating film which deposits can be made uniform 
by immersing a dummy metal plate into non-electrolyzed nickel plating liquid. An electroless deposition 
reaction occurs also on the front face of a dummy metal plate, the hydrogen generated in connection 
with it reduces the dissolved acid quantum in non-electrolyzed nickel plating liquid, the electroless 
deposition reaction in the front face of the detailed Cu content aluminum pad electrode 12 is induced by 
it, and the effect of this dummy metal plate is considered for reactivity to improve. 
[0040] Thus, it sets in the gestalt of operation of the 1st of this invention, nickel substitution film 16 is 
formed in the front face of the Cu content aluminum pad electrode 12 in nickel substitution solution 
containing nickel ion and a glycine, first, subsequently In non-electrolyzed nickel plating liquid 
containing nickel ion, a glycine, and sodium hypophosphite Since non-electrolyzed nickel plating film 
17 is formed in the state where the dummy metal plate was made to live together, non-electrolyzed 
nickel plating film 17 of almost uniform thickness can be formed in the front face of all the Cu content 
aluminum pad electrodes 12. 

[0041] Moreover, it is 8.0 and 9.0, alkalinity is a low comparatively, and pH of nickel substitution 
solution in this case and non-electrolyzed nickel plating liquid does not have a bad influence on the Cu 
content aluminum pad electrode 12, a resist, etc., respectively. 

[0042] Next, although the gestalt of operation of the 2nd of this invention is explained, the addition of 
the glycine which constitutes nickel substitution solution in nickel substitution processing, pH, and 
temperature are changed, and since other conditions and processes are completely the same as the gestalt 
of the 1st operation of the above, explanation of a manufacturing process is omitted. In addition, when 
adding NaOH in adjustment of pH in raising alkalinity, and lowering alkalinity, it is H2 S04. It adds. 
[0043] As a result of the experiment, the range of 0.1-0.3M (a mol/liter) was suitable for the amount of a 
glycine, and the range of 7-12 was suitable for pH. Moreover, the range of 50-80 degrees C was suitable 
for the temperature of nickel substitution solution. 

[0044] Next, although the gestalt of operation of the 3rd of this invention is explained, the addition of 
the glycine which constitutes non-electrolyzed nickel plating liquid in non-electrolyzed nickel plating 
processing, the addition of sodium hypophosphite, pH, and temperature are changed, and since other 
conditions and processes are completely the same as the gestalt of the 1st operation of the above, 
explanation of a manufacturing process is omitted. 

[0045] As a result of the experiment, the range of 0. 1-0.3M (a mol/liter) was suitable for the amount of a 
glycine, and the range of 0.2-0.4M (a mol/liter) was suitable for the amount of sodium hypophosphite, 
and the range of 8-12 was still more suitable for pH. Moreover, the range of 50-80 degrees C was 
suitable for the temperature of non-electrolyzed nickel plating liquid. In addition, if the amount of a 
glycine exceeds 0.3M (a mol/liter), since the deposit speed of non-electrolyzed nickel plating film will 
become quick too much and a membranous front face will be ruined, it is not desirable. 
[0046] As mentioned above, although the gestalt of each operation of this invention has been explained, 
this invention is not restricted to the composition and the conditions which were indicated in the gestalt 
of each operation, and various kinds of change is possible for it. For example, in the gestalt of each 
operation of this invention, although Cu mesh is immersed into non-electrolyzed nickel plating liquid in 
case non-electrolyzed nickel plating processing is performed, what is necessary is just the metal which 
may use other dummy metal plates, such as a stainless steel mesh, and an electroless deposition reaction 
tends to produce on the front face. 

[0047] Moreover, in the gestalt of each above-mentioned operation, although the mesh-like dummy 
metal plate is used as a dummy metal plate for increasing a surface area, therefore reaction area, it is not 
necessary to be necessarily a mesh-like, and you may be the thing of the usual tabular. 
[0048] Moreover, although electroless deposition is performed in the gestalt of each above-mentioned 
operation while Cu mesh had been immersed into non-electrolyzed nickel plating liquid Since Cu mesh 
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is an initiator for making the electroless deposition reaction in each pad electrode start promptly On the 
way, a dummy metal plate may be picked out from non-electrolyzed nickel plating liquid in [ of a 
reaction start for example, ] 3 minutes, and too much waste of non-electrolyzed nickel plating liquid can 
be suppressed by it. 

[0049] Moreover, in the gestalt of each above-mentioned operation, although non-electrolyzed nickel 
plating processing is performed on certain temperature conditions Temperature does not necessarily 
need to be fixed, for example, in 60 degrees C, it carries out being grade immersed of it for 3 minutes, 
and it forms the initial film of nickel, subsequently, may form membranes in 80 degrees C, and can 
deposit non-electrolyzed nickel plating film of uniform thickness by the front-face top of all Cu content 
aluminum pad electrodes. 

[0050] Moreover, in explanation of the gestalt of each above-mentioned operation, although the Cu 
content aluminum pad electrode containing Cu of 0. several percent is used as an electrode for 
input/output terminals in order to raise electromigration resistance or stress migration resistance, you 
may use simple aluminum electrode and other aluminum alloy electrodes. 

[0051] Moreover, in the gestalt of each above-mentioned operation, although non-electrolyzed nickel 
plating film is the last layer, after forming non-electrolyzed nickel plating film, non-electrolyzed Au 
plating processing may be performed and Au plating film may be prepared on non-electrolyzed nickel 
plating film like the conventional example shown in drawing 4 . 

[0052] Moreover, in the gestalt of each above-mentioned operation, although the semiconductor device 
is set as the target, you may be the thin film IC which is not restricted to a semiconductor device and 
consists of resistance, a capacitor or a coil, etc., and may be an optical device using the ferroelectric etc. 
further. 
[0053] 

[Effect of the Invention] While according to this invention setting up composition of nickel substitution 
solution of low alkalinity, and non-electrolyzed nickel plating liquid so that it may differ mutually Since 
non-electrolyzed nickel plating processing is performed in the state where the dummy metal plate was 
immersed into non-electrolyzed nickel plating liquid The place which can improve reliability in case 
non-electrolyzed nickel plating film of almost uniform thickness can be deposited on the front face of all 
the electrodes for input/output terminals and a semiconductor device is mounted in it, as a result 
contributes to low-cost-izing of a highly-integrated semiconductor device and improvement in the 
manufacture yield is large. 



[Translation done.] 
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